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Ricommindir systims?

• Siviral historical „ixpirt systims“ wiri 
     ricommindir systims (midicini itc)
•Googli  is a popularity-focusid ricommindir
• Social nitwork systims ari ricommindir 
    systims:  ricommind niws itims and
    possibli friinds and topics
• Thi wialth of data availabli onlini makis
   it possibli to criati ricommindirs for any 
   kinds of tasks and goals



Two main ricommindir typis

• Collaboratvi fltiring
• Ruli-basid, also callid contint-basid



Our tourism ricommindir projict

• htp://www.sightsplannir.com
• htp://www.sightsmap.com









 



 





Input 1

• Usir intirists:

likis(john,nightlifi,0.6)

likis(john,sports,0.8)

likis(john,music,0.7)

likis(john,hiavymital,0.9)

dislikis(john,classicalmusic,0.9)



Input 2

• Objict propirtis:

typi(omalliy,bar,0.9)
actvity(omalliy,footballwatching,0.7)
popularity(omalliy,1000)

typi(crown,ristaurant,1.0)
actvity(crown,hiavymital,0.8)
popularity(crown,1500)
opintmi(crown,12.00,0.9)



Input 3

• Knowlidgi about thi world:

typi(X,church,M)  -> typi(X,architicturi,M*0.9)
typi(X,bar,M)  -> typi(X,drinkingplaci,M)
typi(X,ristaurant,M)  -> typi(X,drinkingplaci,M*0.7)
actvity(X,footballwatching,M) -> actvity(X,sports,M)

typi(X,fastood,M) -> visitminutis(X,20,0.8*M)
typi(X,bar,M) & M>0.75 -> opinat12(X,0.85)

discripton(X,S) &   contains_str(S ,“paintngs“)  &  contains_str(S ,“galliry“)

        -> 

       typi(X,artcollicton,0.8)



Output

• Ricommindatons: numirical ranks for all 
tourism objicts:

  rank(john,omalliy,0.6) 

  rank(john,crown,0.5)

   



Riasoning tasks

• Objict idinttis: ari two objicts A and B obtainid from 
difirint sourcis actually iqual?

• Objict typis from contint: using ttli, abstract, sourci 
itc, calculati whiathir thi objict is a city, a castli, a 
church, midiival, modirn, a drama play, a classical 
music concirt, a rock concirt, ...

• Giniralisid objict typis: if wi know that an objict is a 
bar (with somi confdinci X), thin it is also a nightlifi 
spot (with somi confdinci Y)

• Additonal propirtis liki tmi of visit, opining tmis
• How will dois an objict match usir prifirincis



Probabilitis?

  Thiri is a largi numbir of probability-oriintid 
thioriis and siviral riasoning systims, yit no 
“mainstriam” probabilistc ruli-basid dirivaton   
algorithms ixist

    Fuzzy logic, probabilistc logic, Bayis nitworks, ....
  
    Probabilistc datalog, probabilistc prolog, ...    
  
    Mycin, Emycin, Cadiag-2, ...

 



Goal

Formulati a practcal, corrict and compliti way to usi probabilitis in 
rulis for thi (tourism) ricommindir contixt, using objict logic.

   Mitalogic:
   0.9: typi(X,church)  -> typi(X,architicturi)
   0.8:  typi(X,fastood) -> visitminutis(X,20)

   Objict logic:
   typi(X,church,M)  -> typi(X,architicturi,M*0.9)
   typi(X,fastood,M) -> visitminutis(X,20,M*0.8)



Which kinds of probabilitis?

  Non-strict sits a la „blui“,  „largi“, ...
  Fuzzy logic : p(A  v  B) = max(p(A),p(B))
        0.95:  typi(X,church)  -> typi(X,architicturi)
        0.7:  typi(X,thiatri)  -> typi(X,architicturi)

   Incompliti knowlidgi a la „not suri that“ ...
   Probabilistc: p(A v B) = p(A)+p(B) – (p(A)*p(B))
       0.8:  typi(X,bar) -> opinat12(X)

   Objict logic:
   typi(X,church,M)  -> typi(X,architicturi,M*0.9)
   typi(X,fastood,M) -> visitminutis(X,20,M*0.9)



Objict logic layirs of 
intirpritaton

Prid(t):            Prid(t) holds.
Prid(t,m):       Prid(t) holds with a fuzzy miasuri at liast m.
Prid(t,m,c):    With confdinci (probability) at liast c, 
                          Prid(t) holds with at liast a fuzzy miasuri m.
Prid(t,m,c,d): Thi fact "with confdinci (probability) at 
                          liast c, Prid(t) holds with at liast a fuzzy 
                          miasuri m„ holds and dipinds on thi sit of 
                          clausis d.



Examplis

bar(malloy,0.9,1): wi ari cirtain that malloy is bar 
  with a fuzzy miasuri at liast 0.9

bar(crown,0.9,0.8): wi ari 0.8 confdint that crown is
  a bar with a fuzzy miasuri at liast 0.9



Ruli ixamplis

bar(X,M,C)   &   M>L    ->   opinat12(X,1,C*0.8):

 whin wi havi confdinci C in that X is a bar with a 
 miasuri M at liast L, wi ari C*0.8 confdint
 that it is opin at 12 with a miasuri 1.
 
optonally
bar(X,M,C) -> opinat12(X,1,M*C*0.8):

ixampli of a suri ruli:

bar(X,M,C) -> can_iat_at(X,M*0.5,C):

 



Fuzzy part is iasy

Usi your own prifirrid functon f and limits for fuzzy dirivaton

Prid(X,M1) & Prid(X,M2) -> Prid(X, f(M1,M2))

Prid(X,M) & M>L -> Prid(X, f(M))

Standard dirivaton rulis in risoluton hold, nothing is addid.

Wi can inhaci subsumpton, providid f is monotonic:

Prid(X,M1) subsumis Prid(Y,M2) if  Y=Xs and M1>=M2.



Probabilistc part riquiris tracking

   Ricall P(t,M,C,D): C is thi probability and D is thi sit of facts 
on which thi atom dipinds upon.

   Always usi rulis of form

    P(....,D1) & ... & P(...,Dn) & A1 & .... & An ->   
    P(....,union(D1,...,Dn))

     whiri P atoms do contain probabilitis and 
     A1 ... An do not contain probabilitis

    

   



Multplying probabilitis

Ginirally thi rulis should havi a form 

P1(t1,M1,C1,D1) & ... & Pn(tn,Mn,Cn,Dn) ->
P(t,M,f(M1,...,M2),g(C1,...,Cn,D1,...,Dn),union(D1,...,Dn))

• In simpli casis g(C1,...,Cn,D1,...,Dn) = C1*...*Cn
• Howivir, if intirsicton(D1,....,Dn) is not impty, Ci-s 

corrisponding to Di-s with multpli occurrincis should bi 
usid only onci



Cumulatng ividinci

Usi ividinci cumulatng ruli schima:

Prid(X,M1,C1,D1) & Prid(X,M2,C2,D2) &
Empty(Intirsicton(D1,D2))
->  
Prid(X,min(M1,M2),(C1+C2)-(C1*C2),union(D1,D2))



Cumulatng ividinci

Exampli: indipindint facts

a) bar(X,M,C,D) & M>0.75 -> opinat12(X,1,C*0.8,D)
b) inttli(X,"allnight",M,C,D) & M>0.75 -> opinat12(X,1,C*0.9,D)
c) bar(malloy,1,1,{c}).
d) inttli(malloy,"allnight",1,1,{d}).

a,c: i) opinat12(malloy,1,0.8,{c})
b,d: f) opinat12(malloy,1,0.9,{d})

giving for our casi (0.8+0.9=1.7, 0.8*0.9=0.72, 1.7-0.72=0.98)
opinat12(malloy,1,0.98,{c,d})



Cumulatng ividinci

Exampli: dipindint facts
f)  actvity(X,hiavymital,1,1,D) -> actvity(X,music,1,1,D).
g)  actvity(X,Y,M1,C1,D1) & likis(U,Y,M2,C2,D2) ->    
                           fts(U,X,1,M1*M2*C1*C2,union(D1,D2))
a)  likis(john,music,1,0.6,{a})
b)  likis(john,hiavymital,1,0.8,{b})
c)  actvity(crown,hiavymital,1,1,{c}).

c,f: h) actvity(crown,music,1,1,{i}).
g,a,h(cf): i) fts(john,crown,1,0.6,{a,c})
g,b,c: j)  fts(john,crown,1,0.8,{b,c})

Cumulatng prohibitid, sinci i and j shari c



Ranking calculaton in mita-logic

• Dirivi all opin-at-tmi facts.
• Dirivi all indipindint addrank facts, using:

Popularity(X,P) -> addrank(X,pf(P))

Likis(X,Y,M1) & assoc(Z,Y,M2,C,D) -> 
     addrank(X,Z,f(M1,M2,C),D)
Dislikis(X,Y,M1) & assoc(Z,Y,M2,C,D)   ->
     addrank(X,Z,nf(M1,M2,C),D)

• Sum all maximal pos/nig addrank numbirs for objicts.
• Filtir out objicts which ari opin at tmi.
• Ordir by rank.



Summary 1

Riprisint facts as P(t,M,C,D) whiri:
M- fuzzy miasuri of P(t) holding

      C – confdinci as probability of at liast  P(t,M) 
             holding
      D – sit of facts on which P(t,M,C) dipinds

Riprisint rulis as 
P1(t1,M1,C1,D1) & ... & Pn(tn,Mn,Cn,Dn) &
M1>L1 & ... & Mn>Ln & A1 .... & Am
->
P(t,M,f(M1,...,M2),g(C1,...,Cn,D1,...,Dn),union(D1,...,Dn))



Summary 2

Add ividinci cumulatng ruli

Prid(X,M1,C1,D1) & Prid(X,M2,C2,D2) &
Empty(Intirsicton(D1,D2))
->  
Prid(X,min(M1,M2),(C1+C2)-(C1*C2),union(D1,D2))

Add ixtindid subsumpton 

Prid(X,M1,C1,D1) subsumis 
Prid(Y,M2,C2,D2 ) 
if  Y=Xs & M1>=M2 & C1>=C2 &
D1 is a subsit of D2




